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Description
BACKGROUND OF THE INVENTION

This invention relates to a pulp molding die for molding pulp articles from used pulp and the like. Such pulp articles
are suitably used as packaging and shock-absorbing materials, for example, egg boxes, fruit crates, packages for
industrial products. This invention also relates to the method for molding such pulp articles.

Conventionally, in Japan, plastic and Styrofoam containers have mainly been used for packing industrial products,
or the like. However, such containers add to environmental problems since they are not biodegradable, they release
hazardous gas upon incineration, and so on. Therefore, conversion to fiber containers using old pulp, which can be
reused many times, has come to be investigated.

The conventional pulp molding die consists of a main body and a wire mesh for the molding surface covering the
main body. The wire mesh has a desired shape, which can be highly complex, or an article to be molded. The surface
of the main body covered with the wire mesh also has complementary shape to the wire mesh. The main body is
composed of aluminum blocks having numerous pores for water passage, and the blocks are joined together. The
main body is joined to the wire mesh by connecting means such as bolts. The die may have a highly complex shape.

Washing the conventional molding die of the wire-mesh type using a shower of water at each interval of molding
can prevent, to some extent, the water passage from becoming clogged. However, washing complexly shaped dies is
extremely time consuming. Moreover, there are problems such as (1) the need for time, skill, and experience in the
production of molding dies having complex shapes,(2) the difficulty in eliminating unwanted marks of the joints and
patterns of the wire mesh from the surface of the final product, and (3) the inability to form letters or minute designs
since the wire conventionally used cannot produce precise edges and corners. Further, when the pores for water
passage are clogged, the operation has to be stopped and the molding die is washed by pressurized water.

Another type of a pulp molding die has bee disclosed in Japanese Patent Laid-Open 60-9704. The die is composed
of a single layer of particles forming the molding surface of a size chosen to provide a smooth surface. The particles,
for example, made of ceramics, are bonded by a resin bonding agent, leaving pores. The thickness of this layer is 5-60
mm. There may be a backing plate (4 in Fig. 5); the specific example of this plate has a porosity of 7 %.

However, this type of a die has some problems. In actual use, this mold (with the plate 4) may clog, because large
areas of the porous molding layer are directly backed by unapertured areas of the plate. Thus the continuous production
of the pulp articles is interrupted for a declogging procedure. Moreover, the die is prone to distortion during mass
production, which requires the die to withstand repeated decompression, since the molding die is bonded only by the
resin.

GB-A-898416 describes dies for pulp molding having either a construction with a single molding layer or a con-
struction with a molding layer and behind it a support layer. In the latter case, it is suggested that the molding layer
may have holes of 0.015 to 0.05 inches (0.375 - 1.25 mm) in diameter, specifically 0.02 inch (0.5 mm) diameter holes
at up to 1000 holes per square inch, and that the support layer may specifically have % inch (6 mm) holes at % inch
(12.5 mm) centres. Alternatively the support layer may be made of adhered particles. Also disclosed is the use of air
under pressure to remove the molded article.

GB-A-1104333 describes perforated metal molding surfaces of pulp molding dies, having perforations of 0.006 to
0.031 inches (0.015 to 0.8 mm) and an open area of 3 to 20%.

The present invention intends to solve the above-discussed conventional problems by providing a pulp molding
die for molding pulp articles, which: (1) hardly experiences clogged pores, (2) can mold pulp articles having smooth
surfaces, (3) is not prone to be damaged by repeated use, and (4) can be easily produced in a short amount of time.
Moreover, the critical number of cycles in which molding a pulp article is continuously repeated without interruption
can be greatly increased with the mold of the invention. The present invention is further intended to provide a pulp
molding process, using the above-discussed pulp molding die, to greatly increase the critical number of possible con-
tinuous pulp moldings.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is provided a pulp molding die for molding shaped articles from
fiber pulp, comprising; a porous molding layer having a porosity of at least 5% and an average pore diameter in a range
of 60 to 1000 um, the porous molding layer having a molding surface shaped to the configuration of the article to be
molded; a porous support layer disposed adjacent the porous molding layer on the opposite side thereof from the
molding surface, the porous support layer having a porosity of at least 25% and an average pore diameter in a range
of @.6 to 10 mm, the average pore diameter being larger than that of the porous molding layer; and means for holding
water in the die by capillary attraction, the means comprising a pore structure defined by at least one of the porous
molding layer and the porous support layer.
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Preferably at least one of the porous molding layer and the porous support layer has an interconnected pore
structure.

Preferably the die has an air flow characteristic such that when air pressure of 30@ mm Aq is applied at the molding
surface the air flow rate, Q, through the die is 50 < Q < 600, wherein Qis ml-A-1-s"1, Ais the surface area of the molding
surface in cm2, ml is the volume of air in cm3 that passes through the die, and s is seconds.

The porous support layer may comprise means for allowing substantially uniform flow of air through the porous
molding layer over the entire area of the opposite side thereof.

Preferably the porous molding layer has a thickness in the range of 0.1 to 20 mm. The porous molding layer may
have a thickness in a range of @.1 to 5 mm.

Preferably at least 80 % of the pores of the porous molding layer have pore diameters in the range 25 % less than
the average pore diameter thereof to 25 % more than the average pore diameter thereof. Preferably the average pore
diameter of the porous support layer is 1.5 to 10 times that of the porous molding layer.

Preferably at least one of the porous molding layer and the porous support layer is composed of a plurality of
water-insoluble particles bonded together.

At least one of the porous molding layer and the porous support layer may be composed of a porous material
formed by electroforming.

At least one of the porous molding layer and the porous support layer may be composed of a honeycomb structure.

At least one of the porous molding layer and the porous support layer may be composed of a perforated metal plate.

According to a second aspect of the invention, there is provided a method of molding shaped pulp articles from
fiber pulp, comprising the steps of: (1) providing a pulp molding die comprising a porous molding layer having a porosity
of at least 5 % and an average pore diameter in a range of 60 to 1000 um, the porous molding layer having a molding
surface shaped to the configuration of the article to be molded; a porous support layer disposed adjacent the porous
molding layer on the opposite side thereof from the molding surface, the porous support layer having a porosity of at
least 25% and an average pore diameter in a range of @.6 to 10 mm, the average pore diameter being larger than that
of the porous molding layer; and means for holding water in the die by capillary attraction, the means comprising a
pore structure defined by at least one of the porous molding layer and the porous support layer; (2) molding a pulp
article on the molding surface of the die by suction through the die; (3) removing the molded pulp article from the die;
and (4) after repeating steps (2) and (3) at least once, applying cleaning water to the die to incorporate water in the
pore structure of the die and thereafter applying air pressure to the die from inside the die to drive the incorporated
water from the die, thereby removing fibers trapped in the die.

Preferably the step (4) is performed in sequence each time after step (3).

Preferably the air pressure is applied so as to give a maximum pressure of at least 1.0 gi/cm?2 at the molding
surface of the die. The air pressure may be applied as an impulse which rises to at least 1.0 gf/cm? at the molding
surface of the die in less than @.5 s.

Preferably an above-mentioned method further comprises connecting the die to a volume of pre-compressed air
to provide the air pressure.

According to a third aspect of the invention, there is provided a shaped pulp article made by an above-mentioned
method of molding shaped pulp articles from fiber pulp.

According to a fourth aspect of the invention, there is provided an apparatus for molding shaped pulp articles from
fiber pulp, comprising: a pulp molding die comprising a porous molding layer having a porosity of at least 5 % and an
average pore diameter in a range of 60 to 1000 um, the porous molding layer having a molding surface shaped to the
configuration of the article to be molded; a porous support layer disposed adjacent the porous molding layer on the
opposite side thereof from the molding surface, the porous support layer having a porosity of at least 25% and an
average pore diameter in a range of 0.6 to 1@ mm, the average pore diameter being larger than that of the porous
molding layer; and means for holding water in the die by capillary attraction, the means comprising a pore structure
defined by at least one of the porous molding layer and the porous support layer, the die having an inside surface
remote from the molding surface; means for adding cleaning water to the die so that cleaning water is incorporated in
the pore structure thereof; and means for applying air pressure to the inside surface of the die to drive water from the
pore structure thereof.

The means for adding cleaning water may comprises spraying means for spraying cleaning water onto the molding
surface of the die. Preferably the means for applying air pressure comprises a container for compressed air, a conduit
connecting the container to the inside surface of the die, and a valve in the conduit.

A porosity in this specification refers to the volume ratio of the empty spaces in the porous molding layer and the
porous support layer. For example, when either layer consists of particles, the total volume the empty spaces between
the particles determine the porosity.

The pulp molding die according to the present invention has a porous molding layer having a specific porosity and
a specific average pore diameter, and such a regulated molding layer gives numerous advantages. First of all fibers
do not easily enter the porous molding layer. Secondly even if fibers enter the porous molding layer, the fibers are not
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easily trapped in the porous molding layer. Thirdly even if fibers are trapped in the porous molding layer, the fibers are
easily removed by backwashing so that pulp molding operations can continue without clogging the die. Moreover pulp
articles made with the pulp molding die of the invention have a smooth, beautiful surface. Finally the mold has a
sufficiently porous structure such that short fibers can pass through the mold, and thus the mold does not get clogged
easily.

The pulp molding die according to the present invention has a porous support layer adjacent to the porous molding
layer on the opposite side thereof from the molding surface so that the die has a mechanical strength sufficient to
withstand a pressure in a step of deposit a raw pulp material onto the die and another step of backwashing.

The pulp molding die may have a rigid body, being integral to the porous support layer to hold the porous support
layer. The rigid body may be made of a metal or a synthetic resin. The rigid body will prevent the die of the invention
from bending or breaking.

In a method for molding a pulp article, a die is introduced into a slurry containing fibers dispersed in a liquid. For
example, the die is immersed in the slurry.

Then fibers in the slurry are deposit onto the molding surface of the die by draining the fluid from the slurry through
the molding die. For example, the die is immersed in a slurry, and the fluid from the slurry is drained through the die
by reducing the pressure on the inside of the die, followed by removing the die from the slurry. In this example, water
absorbed in the deposit on the die is preferably dried to a certain degree by reducing the pressure on the inside of the
die, and then the pulp article is removed from the die.

Fibers may be trapped in the porous molding layer in the die after molding a pulp article once or, more often than
not, successively many times. To remove such trapped fibers, the die undergoes backwashing after every appropriate
number of pulp molding operations. For example, the die may be backwashed every time after a pulp article is repeatedly
molded twenty times.

The backwashing of the die by water and air is accomplished by: applying cleaning water to the die after removal
of a pulp article therefrom to incorporate water in the porous molding layer and/or the support layer of the die; and
thereafter applying air pressure to the die from inside the die to drive the incorporated water from the die through the
molding surface, thereby to remove fibers trapped in the die. A method of molding pulp articles according to the present
invention includes this backwashing process so that the molding operations are smoothly repeated without clogging
the die.

An apparatus for molding shaped pulp articles from fiber pulp of the present invention can prevent the die from
getting clogged and allow continuous operation of molding pulp articles without interruption.

BRIEF DESCRIPTION OF THE DRAWINGS
Further details are explained below with the help of the examples illustrated in the attached drawings in which:

FIG.1 is a lateral cross section though an embodiment of the pulp molding die according to the present invention;
FIG. 2 is a lateral cross section of an embodiment of the pulp molding die according to the present invention in
which both the porous molding layer and the porous support layer are composed of particles bonded together and
the rigid body is integrated to the porous support layer,;

FIG. 3 is a lateral cross section of an embodiment of the pulp molding die according to the present invent:ion in
which both the porous molding layer and the porous support layer are composed of particles bonded together and
the rigid body is integrated to the porous support layer,;

FIG. 4 is a lateral cross section of an embodiment of the pulp molding die according to the present invention in
which both the porous molding layer and the porous support layer are composed of particles bonded together and
the rigid body is integrated to the porous support layer,;

FIG. 5 is a lateral cross section of an embodiment of the pulp molding die according to the present invention in
which both the porous molding layer and the porous support layer are composed of particles bonded together and
the rigid body is integrated to the porous support layer,;

FIGs. 6(a), 6(b), and 6(c) are lateral cross sections of embodiments of the pulp molding die according to the present
invention in which both the porous molding layer and the porous support layer are integrally formed by electrofor-
ming;

FIG. 7 is a lateral cross section of an embodiment of the pulp molding die according to the present invention in
which the porous molding layer is formed by electroforming, and the porous support layer is composed of particles
bonded together;

FIG. 8 is a lateral cross section of an embodiment of the pulp molding die according to the present invention in
which the porous molding layer is composed of particles bonded together, and the porous support layer is formed
by electroforming;

FIG. 9(a) is a lateral cross section of an embodiment of the pulp molding die according to the present invention in
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which the porous support layer is composed of a honeycomb structure;

FIG. 9(b) is a lateral cross section of an embodiment of the pulp molding die according to the present invention in
which the porous molding layer is composed of particles bonded together, and the porous support layer is com-
posed of a honeycomb structure;

FIG. 9(c) is a lateral cross section of an embodiment of the pulp molding die according to the present invention in
which the porous molding layer is formed by electroforming, and the porous support layer is composed of a hon-
eycomb structure;

FIGs. 10(a) and 10(b) are lateral cross sections of an embodiment of the pulp molding die according to the present
invention in which the porous molding layer is composed of particles bonded together, and the porous support
layer is composed of a perforated metal,

FIG. 11 is alateral cross section of an embodiment of the pulp molding apparatus according to the present invention;
FIG. 12 is a permeability measuring apparatus;

FIG. 13 is a graph correlating the permeability ratio and average pore diameters of the porous molding layer of
Example 1;

FIG. 14 is a graph correlating the permeability ratio and average pore diameters of the porous support layer of
Example 2;

FIG. 15 is a graph correlating the permeability ratio and the ratio of average pore diameters of the porous support
layer over average pore diameters of the porous molding layer of Example 3;

FIG. 16 is a graph correlating a number of continuous molding cycles and average diameters of particles for the
porous molding layer of EXAMPLE 10;

FIG. 17 is a graph correlating a number of continuous molding cycles and a thickness of the porous molding layer
expressed in terms of magnification ratio to average particle diameters thereof of EXAMPLE 10;

FIG. 18 is a graph correlating a number of continuous molding cycles and a tickness of the porous molding layer
of EXAMPLE 10,

FIG. 19 is a graph correlating a number of continuous molding cycles and the average diameter of the particles
for the porous support layer of EXAMPLE 10;

FIG. 20 is a graph correlating a number of continuous molding cycles and a thickness of the porous support layer
expressed in terms of magnification ratio to average particle diameters thereof of EXAMPLE 10;

FIG. 21 is a graph correlating a number of continuous molding cycles and the thickness of the porous support layer
of EXAMPLE 10.

DETAILED DESCRIPTION OF THE INVENTION

In FIG. 1 the die has a porous molding layer 1, a support layer 2, and a rigid body 3. The porous molding layer 1
has a molding surface shaped to the desired configuration of the article to be molded. The porous molding layer 1 has
an inside surface 1b on the opposite side of the molding surface. A porous support layer 2 is adjacent to the inside
surface of the porous molding layer 1. A rigid body 3 is integral to the porous support layer 2, and the rigid body 3 has
drains 4. The rigid body 3 and a housing 5 define a chamber. The chamber is connected to a pressure chamber (not
shown) and to a vacuum chamber (not shown ) through conduit 6 by means of solenoid-operated valves 7 and 8,
respectively.

The porous molding layer 1 has a porosity of at least 5 %. When the molding layer 1 has a porosity less than 5 %,
the resulting die may not have sufficient drainage so that a molding operation becomes inefficient. Preferably the porous
molding layer 1 has a porosity of at least 10 %.

Molding layer 1 has an average pore diameter in the range of 60 to 1000 um. When the porous molding layer has
an average pore diameter less than 6@ um, fibers are prone to get trapped in such a molding layer and the trapped
fibers are not easily removed by the backwash process. In contrast, when the porous molding layer has an average
pore diameter greater than 1000 um, fibers are prone to get trapped in such a molding layer in a molding operation.
Besides, a pulp article made with such a pulp molding die, has a rough surface. Preferably the molding layer 1 has an
average pore diameter in the range of 120 to 700 um.

Preferably at least 8@ % or, more preferably, at least 85 % of the pores of the porous molding layer have pore
diameters in the range of 25 % less than the average pore diameter thereof to 25 % more than the average pore
diameter thereof. When pore diameters have large variance, a permeability of one part of a molding layer 1 may differ
from that of the other part, and the molding die is more prone to clogging.

Preferably the porous molding layer 1 has a thickness in the range of @.1 to 20 mm. Though a thin molding layer
is favorable, a very thin molding layer having a thickness less than @.1 mm may not have sufficient strength or stability
in the long run. When the porous molding layer 1 has a thickness larger than 20 mm, the porous molding layer is more
prone to have fibers trapped therein. Moreover, the porous molding layer may not be cleaned as efficiently by the
backwash process.
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More preferably the porous molding layer 1 has a thickness in the range of @.1 to 1@ mm. It is further preferable
that a thickness of the porous molding layer 1 is at least .1 mm and less than 5 mm.

A porous support layer 2 supports the porous molding layer 1, and the porous support layer 2 is adjacent to and
may be bonded to the inside surface 1b of the porous molding layer 1.

The porous support layer 2 has a porosity of at least 25 %, and an average pore diameter of the porous support
layer 2 is and larger than the average pore diameter of the porous molding layer 1. When a support layer has a porosity
smaller than 20 %, or when the average pore diameter of the porous support layer is smaller than the average pore
diameter of the porous molding layer, the resulting die may not have sufficient drainage so that a molding operation
becomes inefficient. Moreover, the porous molding layer may not be cleaned as efficiently by the backwash process
so that the die is more prone to clogging. Preferably the average pore diameter of the porous support layer 2 is in the
range @.6 to 10 mm, and further preferably in the range of @.7 to 6 mm.

The porous support layer 2 may be adapted to allow substantially uniform flow of air through the porous molding
layer over the whole area thereof. When this condition is not met, in the backwash process the pressurized air may
flow to areas with larger air flow and may not flow to areas with smaller air flow, and consequently, fibers trapped in
the latter areas remain trapped.

The porous support layer 2 has an average pore diameter ranging from 0.6 to 10 mm, preferably from 0.7 to 6
mm. When the porous support layer has an average pore diameter larger than 10 mm, the porous support layer may
not have sufficient mechanical strength to support the porous molding layer 1.

Preferably the average pore diameter of the porous support layer 2 is 1.5 - 1@ times than that of the porous molding
layer 1. When the average pore diameter of the porous support layer 2 is outside of this range, the resulting die may
not have sufficient drainage so that a molding operation becomes inefficient. Moreover, the porous molding layer may
not be efficiently cleaned by the backwash process, and the die is more prone to clogging. The porous support layer
2 may have an average pore diameter larger by two to six times an average pore diameter of the porous molding layer 1.

The die of the present invention has, located in at least one of the porous molding layer and the porous support
layer, an interconnected pore structure able to hold water. Preferably water is held by capillary action. The intercon-
nected pore structure is quite efficient in drainage, allowing fibers in a slurry to deposit quickly on the die.

Neither the porous molding layer 1 nor the porous support layer 2 has to have an upper limit in their porosity.
However, either layer with too much porosity may not have sufficient mechanical strength. From this point of view, the
porosity of the porous molding layer 1 and the porous support layer 2 should not exceed 95 %.

The porous molding layer 1 and the porous support layer 2 have certain ranges of porosity and average pore
diameters as mentioned above. Moreover, the molding unit consisting of the porous molding layer 1 and the supporting
layer 2 may have certain ranges of porosity and average pore diameters so that the molding unit has a certain air flow
characteristic as a parameter for its permeability to air and liquid.

Preferably the mold has an air flow characteristic such that when air pressure of 300 mm Aq is applied at the
molding surface the air flow rate, Q, through the die is 50 < Q < 600, wherein Q is ml-A-1.s"1, A is the surface area of
the molding surface in cm2, ml is the volume of air in cm3 that passes through said die, and s is seconds.

When the air flow rate Q is less than 5@ (ml-A-1.s-1), the molding unit may not have sufficient drainage so that a
molding operation becomes inefficient. Moreover, the molding unit is more prone to clogging. On the other hand, wherein
the air flow rate Q is larger than 600 (mI-A-1.s"1), a backwash process does not work effectively, failing to prevent
clogging of the molding unit.

The porous molding layer 1 and the supporting layer 2 of the die may be composed of any material formed by any
method as long as they have pores satisfying these characteristics mentioned above. Examples are shown as follows:

(1) the porous molding layer 1 and/or the porous support layer 2 has a plurality of particles bonded together leaving
empty spaces between the particles and the particles are insoluble to water;

(2) the porous molding layer 1 and/or the porous support layer 2 has a porous material formed by electroforming;
(3) the porous molding layer 1 and/or the porous support layer 2 has a honeycomb structure; and

(4) the porous molding layer 1 and/or the porous support layer 2 has a perforated metal plate.

FIGs. 1-5 show embodiments of the invention in which both the porous molding layer 1 and the porous support
layer 2 have a plurality of particles bonded together. The particles are composed of any water-insoluble material, such
as glass, ceramic, synthetic resin, metal and so on. Glass beads are preferable as the particles. It is easy to choose
glass beads having desirable sizes, and thus it is easy to control porosity and pore diameters of the layer made of
glass beads.

The particles are preferably bonded by a resin bonding agent such as epoxy resin to form the porous molding layer
1 and the porous support layer 2. The bonding agent is not limited to epoxy resins, but it also includes resins that
harden upon heat such as urethane resins, melamin resins, phenol resins, alkyd resins, etc. The bonding agent may
be brazing filler metal such as brazing filler copper, brazing filler silver, and brazingfiller nickel, etc. The bonding agent
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may be soldering materials to be soldered, frits, and thermoplastic resins. Alternatively the particles may be bonded
together without any bonding agent; the particles may be bonded by, for example, sintering the particles.

The mixture ratio of the resin bonding agent to particles is preferably 3 - 15 % by volume. When the ratio is lower
than 3 %, the bonding strength is not sufficient, resulting in increased possibility of damage. When the ratio is higher
than 15 %, enough space may not be available between the particles, and the permeability becomes lower, causing
deterioration of the productivity.

The die in which both the porous molding layer 1 and the porous support layer 2 are composed of water-insoluble
particles are hereinafter described.

The particles composing the porous molding layer may have an average diameter in the range of 8.2 to 1.0 mm.
The molding layer may have a thickness larger by one to 20 times the average diameter of the particles.

The average diameter of the particles for the porous molding layer 1 may range from @.2 - 1.0 mm, preferably 0.
4 - .9 mm, and, more preferably @.6 - 8.8 mm. When the particles are smaller than @.2 mm in diameter, the empty
spaces between each particle is so small that the necessary permeability cannot be obtained and the productivity in
molding deteriorates. When the particles are larger than 1.0 mm in diameter, the empty spaces between each particle
are so wide that fibers enter the molding die, resulting in protuberant roughness on the surface of the obtained pulp
articles, facilitated clogging of the die, and increased difficulty in the separation of the pulp articles from the molding die.

The particles forming the porous molding layer 1 have relatively uniform particle diameters. Preferably at least 80
% of the particles have diameters in the range of + .2 mm from the average diameter of the particles. When the particle
diameters do not meet this standard, empty spaces between particles may have varying sizes, resulting in an inhomo-
geneous surface of the molded fiber body. It is more preferable that at least 80 % of the particles have diameters in
the range of + @.15 mm from the average diameter of the particles.

Preferably the porous molding layer 1 has a thickness larger by 1 to 20 times than the average diameter of the
molding particles. The thickness of the layer needs to be at least the same as the average diameter of the particles
forming the porous molding layer 1 to prevent the molded pulp articles from having a rough surface. When the thickness
of the layer is larger than 20 times the average diameter of the molding particles, the porous molding layer is prone to
clogging, and the backwashing does not work effectively. Specifically a thickness of the porous molding layer 1 may
range from @.2 to 20 mm, preferably from @.2 to 1@ mm. It is further preferable that a thickness of the porous molding
layer 1 is at least @.1 mm and less than 5 mm.

The porous support layer 2, disposed on the inside surface of the porous molding layer 1, has sufficient mechanical
strength and sufficient permeability toward air and water. For this purpose the porous support layer may be composed
of bonded particles having an average diameterof 1.0-10. thm, being largerthan the average diameter of the particles
in the porous molding layer 1, and having a thickness at least the same as the average diameter of the particles of the
porous support layer 2.

It is necessary for the particles of the porous support layer 2 to have a diameter of at least 1 mm so as to obtain
the effect of washing the molding die. When the method of the present invention is applied, high effect of washing by
a counter flow, i.e. backwashing, can be obtained by using the particles in the layer 2 preferably having an average
diameter 1.5 to 10 times, more preferably 2 - 5 times, larger than the average diameter of the particles in the layer 1.
When the average diameter of the particles in the layer 2 is smaller than 1.5 times or 2 times that of the particles in
layer 1, enough backwash pressure may not be obtained due to a pressure loss.

On the other hand when the average diameter of the particles in the layer 2 is larger than 10 times that of the
particles in layer 1, particles in the porous molding layer 1 may be stuck between the particles of the porous support
layer 2, causing the die to clog.

Specifically the average diameter of the particles of the porous support layer 2 may be 1.0 - 10. @m, preferably
2.0-50mm.

Preferably the surface of the porous support layer 2 facing the porous molding layer 1, may have particles having
diameters up to 5 mm. This limitation helps avoid potential inclusion of smaller particles of the porous molding layer 1
into empty spaces between larger particles of the porous support layer at their interface, which may lead to clogging,
though the particles at the surface having diameters larger than 5 mm strengthen the bonding strength between the
molding layer 1 and the porous support layer 2.

The porous support layer 2 may have a thickness of at least the average diameter of the support particles in support
layer 2, preferably 2 - 10 times as thick as the average diameter thereof. When the porous support layer 2 is thinner
than the average diameter of the particles thereof 2, the surface strength of the molding die cannot be ensured. More-
over, when the porous support layer 2 does not have a thickness of at least 2 times the average diameter of particles
in that layer, some parts of the die may have a higher pressure than the other parts during a backwashing process so
that the parts with less pressures are prone to leave some trapped fibers. This would also apply to a molding die having
a rigid body having apertures. Therefore the thickness of the porous support layer should be at least twice the average
diameter of the particles in the porous support layer 2.

On the other hand when the porous support layer 2 is thicker than 10 times the average diameter of the particles
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in the porous support layer 2, the pressure applied to the molding surface upon washing by a counter flow is not enough,
thus causing clogging.

Considering a pressure loss due to the porous support layer 2, it is preferable to make the porous support layer 2
thin, more preferably, 3 - 7 times the average diameter of particles thereof. However, even if the porous support layer
2 should, for example, have a thickness about 10 times the average diameter of particles thereof, the molding die can
be washed just as effectively as when the thickness if 3 - 7 times, if the pressure from the inside is increased and
apertures are added.

Preferably the porous support layer 2 is integrally formed with a rigid body 3. The rigid body 3 can be made from
any kind of material, such as metal or plastic, which can maintain a given strength to back up the porous support layer
2. Itis also possible to have a back-up layer, as a rigid body 3, formed by bonding particles such as glass beads having
a larger average particle diameter than the average diameter of particles in the porous support layer 2.

When a metal plate, for example made of aluminium alloy, having a plurality of apertures, is used as the rigid body
3, the thickness is preferably at least 5 mm, more preferably 10 - 20 mm. When the thickness is less than 5 mm, the
rigidity of the body deteriorates and the layer 2 is prone to be damaged by distortion caused by repeated load upon
molding pulp articles. Aluminium, which Young's modulus is about 70@0@ kgi/mm?2, has far higher rigidity compared with
a resin bonding material, which Young's modulus is 1600 kgf/mm?2. By replenishing particles used in the porous support
layer 2 in the apertures 4 of the rigid body, the bonding strength can be enhanced. It is possible that the frame has a
structure having ribs to obtain both light weight and strength.

Some embodiments of the invention may not require a rigid body 3 to be rigid. For example, the molding surface
may have a small area and a pressure applied during a molding pulp articles by suction is limited. In some cases a
number of the pulp articles to be molded is limited. In these instances the strength of the molding die can be ensured
by increasing the thickness of the layer 2, and the box-shaped frame as a rigid body can be used only in the peripheral
part of the molding die and at the joint with chamber 5, on which pressure is easily applied.

When the die has a box-shaped rigid body 3, the shape of the molding surface can be changed by a replacement
of a molding unit consisting of the porous molding layer 1 and the porous support layer 2, keeping the same rigid body
3. It makes the production of the pulp molding die easy, and the modification of the shape of the molding die easy.
Therefore, the molding die can be produced at low cost. Further, in this type of pulp molding die, clogging can be
eliminated easily by stopping the operation and washing the molding die by pressurized water in the same way as the
conventional method.

FIGs. 2 - 5 show embodiments of the die of the invention in which the porous molding layer 1 and the porous
support layer 2 are integrated to the rigid body 3. FIG. 2 shows an embodiment in which a support layer 2 is maintained
by a rigid body 3 adhered to the porous support layer 2 from below.

FIG. 3 shows the die in which a rigid body 3 is a flat perforated plate, and some parts of the rigid body 3 do not
contact the porous support layer 2, leaving some empty spaces between the porous support layer 2 and the rigid body
3. One of the empty spaces between the porous support layer 2 and the rigid body 3 is located at a center part of the
rigid body.

FIG. 4 shows the die which modifies the die of FIG. 3. The die of FIG. 4 has a back-up layer 10 between the porous
support layer 2 and the rigid body 3 in otherwise empty spaces in the molding die of FIG. 3. The back-up layer 10 may
be composed of large particles, leaving enough pores for allowing sufficient flow of air or water.

Figure 5 shows a structure that the rigid body 3 of the molding die shown in FIG. 3 does not stretch to its center
part unlike that of FIG. 3. Reference numeral 11 indicates an empty space.

FIGs. 6(a), 6(b), 6(c), 7, and 8 show embodiments of the invention in which the porous molding layer 1 and/or the
porous support layer 2 has a porous material 12 formed by electroforming. In FIGs. 6(a), 6(b), and 6(c) both molding
layer 1 and support layer 2 are integrally formed by electroforming. The molding layer 1 has drains 13 having small
apertures, and the supporting layer has drains 14 having large apertures. FIGs. 6(b) and 6(c) are cross sections that
enlarge the A portion of FIG. 6(a). In FIG. 7 molding layer 1 is formed by electroforming, and support layer 2 consists
of particles 15 bonded by a bonding agent. In FIG. 8 molding layer 1 consists of particles 20 bonded by a bonding
agent, and support layer 2 is a porous article 21 formed by electroforming. By electroforming metal is electrically de-
positted onto an article to be treated to form a part having a desired shape.

Alternatively the porous molding layer 1 and/or the porous support layer 2 may have a honeycomb structure. In
FIG. 9 support layer 2 has a honeycomb structure 16. In FIG. 9(b) a molding layer 1 consists of particles 17, while in
FIG. 9(c) a molding layer 1 consists of a porous article 18 formed by electroforming.

As alternative embodiments, the porous molding layer 1 and/or the porous support layer 2 may be formed as a
perforated metal plate. In FIGs. 10(a) and 1@(b) a molding layer consists of particles 17, and a support layer consists
of a perforated metal plate 19.

A method of molding shaped pulp articles from fiber pulp is hereinafter described.

The method for molding pulp articles of the present invention is characterized by a backwash process. In the
process after the step of molding a pulp article, cleaning water is applied to either the porous molding layer 1 or the
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porous support layer, or preferably both the porous molding layer 1 and the porous support layer 2 so as to incorporate
water in their pores, followed by applying air pressure to the die from inside the molding die by, for example, a volume
of pre-compressed air. By this process, water and air pass though the porous support layer and the porous molding
layer and fibers, stuck in the porous molding layer through molding pulp articles, are blown away to outside of the
molding die through the molding surface. In the backwashing process of the invention water and air are applied se-
quentially. Preferably water is applied to the molding surface of the porous molding layer 1 to incorporate water in the
pores in the layers.

Itis preferable that a pressure higher than atmospheric pressure is impulsively applied to the inside of the molding
die in order to enhance the washing effect. The air pressure may be applied so as to give a maximum pressure at the
molding surface of the die of at least 1.0 gf/cm?2, and, more preferably, at least 3.6 gf/cm2. Though the pressure on the
molding surface is preferably high, the air pressure to give a pressure at the molding surface of the die up to 500 gf/
cm?2 is practical in view of enlargement of apparatus, the cost, and mechanical strength of the die. 1 gf is equivalent
to 9.80665 x 102 N.

Preferably the air pressure is applied as an impulse which rises to 1.6 gi/cm? in less than @.5 seconds. It is far
effective in removing trapped fibers to apply the pressure as an impulses, more effective by applying pressure as
repeated impulses.

This operation can be easily controlled by instantly opening the valve 26 for backwashing, while maintaining the
pressure of, for example, at least several atmospheric pressures in the compression chamber 28. Preferably the air
pressure is applied as an impulse by connecting the die to a volume of pre-compressed air.

Preferably the valve 26 for backwashing is an electromagnetic valve having a large capacity so that application of
air pressure as an impulse is facilitated. For the same reason the volume of a compression chamber 11 is preferably
much larger than that of the chamber of the molding apparatus 22. Likewise the larger the inner diameter of a conduit
33, the better.

A backwash process becomes more effective by the presence of a surfactant in the cleaning water. In addition to
the backwashing process it is also preferable to wash a die in a conventional manner by applying a pressurized water
to the molding surface of the die.

A backwash process in accordance with the present invention can be performed in a short period such as several
seconds after a molding operation. Therefore, it does not waste time in the molding cycle, and the effect of washing
is greater than that of conventional washing methods. It is most effective that the washing is performed in every molding
operation. However, it is possible to perform washing once in every 5 - 10 molding operations when the shape of the
molding die is simple or when the number of moldings is small.

By adopting the method having the washing process mentioned above, the molding die can be prevented from
clogging without decreasing its productivity. Particularly, by using the molding die of the present invention and adopting
the method of the present invention, the eminent effect of washing can be obtained, and at least thousands of continuous
moldings without clogging become possible.

The molding die of the present invention has advantages such that: the die is not prone to clogging; the die gives
a molded pulp article having a smooth surface; the die does not break after successive use; the mold can be prepared
in a short period of time.

The method according to the present invention includes a backwash process in which pressure is applied from
inside the die subsequent to molding operations so that continuous molding operations become possible without in-
terruption due to clogging of the die. The present invention enables one to easily form pulp articles made of pulps from
recyclable used papers in a large quantity.

EXAMPLES

The present invention is hereinafter described in more detail with reference to Examples. However, the present
invention is not limited to these Examples.

FIG. 11 shows a molding die 30 consisting of a molding layer 1 and a support layer 2, and the molding die 3@ has
a shape of a disk having a diameter of 140 mm and a height of 25 mm. Both the porous molding layer 1 and the porous
support layer 2 are composed of glass beads having sphere shapes bonded by a water-resistant epoxy resin. To form
the mold layer 1, 8.7 % by volume of the epoxy resin was used, while to form the support layer 1, 6.6 % by volume of
the epoxy resin was used. The porosity, the average pore diameter and the thickness of the porous molding layer 1
and the porous support layer 2 were chosen for each Example.

The apparatus for molding shaped pulp articles from fiber pulp is shown in FIG. 11. A metallic chamber unit 22
has a holder 23 for holding a molding die 3@, and drains 25, 29. The drain 25 for water and air is connected to a vacuum
pump by means of a valve 24 and a vacuum chamber 35.

The drain 29 is connected to a compression chamber, that is, a container 28 for compressed air, by means of a
pressure valve 26 for backwashing. The drain 29 is connected to a pressure valve 27 for removing a deposit cake. A
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compression chamber 28 was set to 1 kgf/cm?2 (a gauge pressure).

The molding die 3@ was mounted to the chamber unit 22 through a packing 31 by means of a lid 32 for pressing
the die. The valve 24 disconnects a chamber inside the chamber unit 22 from the vacuum chamber 35. When the valve
24 is open, a pressure in the chamber inside the chamber unit decreases so as to suck a slurry containing fibers and
to deposit fibers on the molding surface of the molding die 3@. After a slurry is removed, opening the valve 24 dries
the resulting fibrous deposit cake on the molding die.

The valve 27 for removing a deposit cake has been closed in these steps to disconnect the chamber inside the
chamber unit 22 from the compressed air provided by a compressor. Opening the valve 27 applies an air pressure to
the chamber inside the chamber unit 22 to remove the fibrous deposit cake from the molding surface of the molding
die 30.

After removing the pulp article every time, water is showered over the molding surface of the molding die by a
shower 34, disposed above the molding die 3@, so as to incorporate water in pores in the die 30.

The pressure valve 26 for backwashing has been closed in these steps, and disconnects the chamber inside the
chamber unit 22 from pre-compressed air in the container 28 for compressed air. Opening the pressure valve 26
provides a large volume of pre-compressed air to the chamber inside the chamber unit 22 so as to backwash the
molding die 3@. Thus the air passes through the die 3@ in the direction of the molding surface, driving the incorporated
water from the die 30.

The vacuum chamber 35 was kept under a pressure below 60 mm Hg. The container 28 for compressed air was
kept at about one atmospheric pressure.

The slurry used in this molding operation is prepared as follows. A pulp was made from the equal amount by weight
of used newspapers and card boxes, and the pulp is dispersed in water to give the slurry containing 1 % by weight of
the pulp.

Using this molding apparatus, a molding cycle consisting of eight steps shown in Table 1 was continuously repeated.
It took about 20 seconds to complete each cycle.

(Table 1)
(1) A molding die is immersed into a slurry containing fibrous pulp. It takes one second to complete this step.
(2) A vacuum valve 24 opens so as to reduce pressure in the chamber to deposit pulp on a molding surface of the
die. It takes 1 to 3 second to complete this step.
(3) The molding die is taken out of the slurry, keeping the valve 24 open to dry the deposit through suction of air. It
takes thirteen seconds to complete this step.
(4) The vacuum valve 24 is closed
(5) The compression valve 27 is open so as to remove the deposit from the molding die. It takes two seconds to
complete this step.
(6) Water is showered over the molding surface for one second.
(7) The pressure valve 26 opens.
(8) The pressure valve 26 is closed. It takes two seconds to open and close the pressure valve 26 once.
(9) Go back to the step 1.

A method for obtaining air flow characteristic of a molding die is described hereinafter.

A molding die 30 was tested for its air flow characteristic which correlates air pressures applied to the die and air
flow through the die. After a die in the molding apparatus underwent every 100 molding cycles, the die was taken out
of the molding apparatus, and a molding die was dried by a dryer. Then the correlation of the die was measured by
the permeability measuring apparatus shown in FIG. 12.

The permeability measuring apparatus has a wind channel 36 to which a molding die 3@ can be attached airtight.
The molding surface of the molding die faces against the air flow. The apparatus has a pressure gauge 37 for measuring
a pressure of the upstream of the molding die 30, i.e. a pressure at the molding surface. The apparatus further includes
an orifice plate 38 having an orifice, a differential pressure gauge 39, and a fan (not shown).

A method for obtaining a "permeability ratio" is described hereinafter.

As molding operations are repeated by the molding apparatus, a molding die 30 loses its permeability due to an
increased amount of fibers trapped in the die. A "permeability ratio" is defined as a parameter to indicate permeability
of air through the die or, to be more exact, the extent of clogging of the die after repeated molding operations.

The permeability ratio is defined as follows:

the permeability ratio (%) = [Qx / Qi] x 100
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wherein

Qi is an initial air flow though a fresh die before a molding operation under an air pressure difference through the
die of 300 mm Ag; and

Qx is an air flow through the die after its successive molding operations of x times when an air pressure of 300
mm Aq is applied to the die;

wherein 1 mmAq is equivalent to a pressure exerted by a pure water having a height of imm under gravity, and
usually x is 600.

Since the ratio of air flows of the same die is taken, the effect on permeability due to its porosity, thickness, etc.
would be cancelled out. Thus the loss of permeability luring repeated molded operations of a die can be compared by
this permeability ratio to another die.

A "required molding time" is defined as a parameter to indicate permeability of water though a molding die. When
a molding die is used to mold a pulp article of a certain thickness from a slurry, it takes time to deposit pulp fibers
through suction, and the time depends on permeability of water through the molding die. In each of the examples
described hereinafter, a time required to mold a disk shape pulp article having a diameter of 120 mm and a thickness
of 3mm is defined as a "required molding time."

A porosity and an average pore diameter of the porous molding layer and the porous support layer is described
hereinafter.

Both an apparent specific gravity and a true specific gravity of a layer were measured and a porosity of the layer
was calculated based on the two values.

An average pore diameter and a pore diameter distribution were determined in the following three steps.

In the first step a magnified photograph showing pores were taken of any part of the molding surface or any cross
section of the porous molding layer and the porous support layer. However, when a layer consists of particles, some-
times it is difficult to take such a clear magnified photograph showing pores for water and air passage of the layer. On
such occasions from the molding surface or from the surface of the cross section, particles appeared on the surfaces
were removed so that pores were clearly recognized. Then the photograph on the surface was taken.

In the second step pores in the photograph were painted black while the other parts were painted white to form a
white-and-black pattern. The pores were defined as empty spaces among the particle on the utmost surface in the
magnified photograph.

In the last step the white-and-black pattern was treated with picture analysis so that a black pattern was approxi-
mated to circles. Then an average of the diameters of the circles was taken as an average more diameter, and a
distribution of the diameters of the circles was taken as a distribution of the pore diameters.

Alternatively mercury porosimetry may be applied to the porous molding layer and the porous support layer having
an average pore diameter up to 300 um.

Example 1

The porous molding layer 1 of the die of this Example had a porosity of 40 % and a thickness of 4 mm. The porous
support layer 2 had a porosity of 40 %, an average pore diameter of of 1.2 mm, and a thickness of 16 mm.

The average diameter of the pores of the porous molding layer 1 was taken as a variable, and the permeability
ratio, Qggg / Qi, of dies were obtained. The result is shown in FIG. 13.

The die having the average pore diameter of the porous molding layer 1 of about 20 um, was clogged after molding
operations were repeated 100 times. Thus, the permeability ratio (%) on this point is taken as a ratio of Q,pq over Qi
wherein Qg is the air flow at 300 mmAq after molding pulp articles 100 times with the die.

The dies having their average pore diameters of the molding die of about 500 pum and 600 pum were clogged after
300 successive molding operation. Thus, the permeability ratio (%) on these point are taken as ratios of Qgpq Over Qi
wherein Qg4 is the air flow at 300 mmAgq of the die after 30@ successive molding operation.

Example 2

The porous molding layer 1 of the die of this Example had a porosity of 40 %, an average pore diameter of 480
pm, and a thickness of 4 mm. The porous support layer 2 has a porosity of 40 % and a thickness of 16 mm.

The average diameter of the pores of the porous support layer 2 was taken as a variable. The other conditions
were keptthe same as those of Example 1. The permeability ratio, Qggg / Qi, of dies were obtained. The result is shown
in FIG. 14.
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Example 3

The porous molding layer 1 of the die of this Example had a porosity of 40 % and a thickness of 4 mm. The porous
support layer 2 had a porosity of 40 % and a thickness of 16 mm.

The average pore diameter of the porous molding layer 1 was taken as 80, 280, and 480 um. The other conditions
were kept the same as those of Example 1. For each average more diameter, average pore diameters of the porous
support layer were varied, and the permeability ratio, Qggg / Qi, is plotted against the ratio of average pore diameters
of the porous support layer over average pore diameters of the porous molding layer. The result is shown in FIG. 15.

Example 4

The porous molding layer 1 of the die of this Example had an average pore diameter of 280 um and a thickness
of 4 mm. The porous support layer 2 had a porosity of 40 %, an average pore diameter of 1.2 mm, and a thickness of
16 mm. A porosity of the porous molding layer was taken as a variable. The other conditions were kept the same as
those of Example 1.

A "required molding time" was measured to deposit pulp fibers to mold a disk shape pulp article having a diameter
of 120 mm and a thickness of 3 mm. The result is tabulated in Table 2.

(Table 2)
porosity of molding layer (%) | a required molding time (seconds)
3 -
12 15
38 3
59 1.5

When a die having a porosity of the porous molding layer of 3 % is used, even after 30 seconds the deposit cake
did not reach to a thickness of 3 mm.

Example 5

The porous molding layer 1 of the die of this Example had an average pore diameter of 280 um, a porosity of 40
%, and a thickness of 4 mm. The porous support layer 2 had an average pore diameter of 1.2 mm and a thickness of
16 mm. A porosity of the support layer was taken as a variable. The other conditions were kept the same as those of
Example 1.

A "required molding time" was measured to deposit pulp fibers to mold a disk shape pulp article having a diameter
of 120 mm and a thickness of 3 mm. The result is tabulated in Table 3.

(Table 3)
porosity of support layer (%) | a required molding time (seconds)
18 15
26 7
42 3

Example 6

The molding layers 1 of the dies of runs No. 1 - 4 of this Example had a thickness of 4 mm, and the porous support
layer 2 a thickness of 16 mm. The average pore diameters and porosities of the porous molding layer and the support
layer were varied as in Table 4. The other conditions were kept the same as those of Example 1.

The die of run No. 5 is a conventional type as a comparative example in which a metallic net, as the porous molding
layer is disposed on an aluminum plate with a thickness of 12 mm having apertures.

The permeability ratio, Qgqq / Qi, of dies were obtained, and the result is shown in Table 4.

The die of run No. 1 was clogged after molding operations were repeated 250 times. Thus, the permeability ratio
(%) of the die is taken as a ratio of Qg over Qi wherein Qi (ml/cm? -s) is an initial air flow though a fresh die before
a molding operation when an air pressure of 30@ mm Aq is applied to the die and; Qs is an air flow through the die
after its successive molding operations of 25@ times when an air pressure of 300 mm Aq is applied to the die.

12
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The die of run No. 5 uses a die of a conventional wire-mesh type in which a wire net serves as a molding layer
and a main body composed of aluminum blocks serves as a support layer.

(Table 4)
molding layer support layer flow rate
average pore diameter (um) | porosity (%) | average pore diameter (um) | porosity (%) Qi Q000
Qi
1 60 40 0.4 40 47 -
2 200 40 1.2 40 138 60
3 280 40 1.2 40 218 85
4 480 40 1.2 40 279 75
5 560 70 3.0 15 628 50
Example 7

The porous molding layer 1 of the die of this Example had an average pore diameter of 280 um and a porosity of
40 %. The porous support layer 2 had an average pore diameter of 1.2 mm, a porosity of 40 %, and a thickness of 16
mm. A thickness of the molding layer was taken as a variable. The other conditions were kept the same as those of
Example 1. The permeability ratio, Qggg / Qi, of dies were obtained. The result is tabulated in Table 5.

(Table 5)
thickness of molding layer (mm) | the permeability ratio Qggq / Qi (%)
0.9 - (broken after 200 times)
0.20 90
5 75
15 50
25 35

Example 8

The porous molding layer 1 of the die of this Example had an average pore diameter of 280 um, a porosity of 40
%, and a thickness of 4 mm. The porous support layer 2 has an average pore diameter of 1.2 mm, a porosity of 40 %,
and a thickness of 16 mm. A thickness of the molding layer was taken as a variable.

The percentage by volume of the pores of the porous molding layer having pore diameters in the range of 25 %
less than the average pore diameter thereof to 25 % more than the average pore diameter thereof, was taken as a
variable. The other conditions were kept the same as those of Example 1. The permeability ratios, Qggq / Qi, of dies
was obtained. The result is tabulated in Table 6.

(Table 6)

the pores of the porous molding layer having pore diameters in the range 25 % | permeability ratio Qgpe/Qi (%)
less than the average pore diameter thereof to 25 % more than the average pore
diameter thereof (%)

70 75
85 85
95 90

Example 9

The porous molding layer 1 of the die of this Example had an average pore diameter of 280 um, a porosity of 40
%, and a thickness of 4 mm. The porous support layer 2 had an average pore diameter of 1.2 mm, a porosity of 40 %,
and a thickness of 16 mm.

An air pressure to the die during a backwash step was varied to give a varied maximum pressure of the molding
surface of the die, and the other conditions were kept the same as those of Example 1. The permeability ratios, Qggg
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/ Qi, of dies were obtained. The result is tabulated in Table 7.

(Table 7)
maximum pressure of the molding surface (gf/icm?2) | permeability ratios Qggg / Qi (%)
0.8 45
1 50
3 60
30 85

Example 10

Numbers of successive 20-second cycles of molding operations of Table 1, usingthe die of FIG. 1, were determined,
as a parameter of "moldability" of the die, until the molded articles began showing inhomogeneity in thickness due to
clogging of the die. The molded article was made to have a thickness of 2 mm, and it was measured whether the
molded article has a part having a thickness up to @.5mm. Thicknesses of molded articles were measured every 10
cycles up to 100 molding cycles, and after 10@ molding cycles thicknesses of molded articles were measured in every
50 cycles. The molding surface of the die had letter imprints, and its transcription on the molded article was estimated.

The die of FIG. 1 has a rigid body 3 having a thickness of 1@ mm made of an aluminum alloy. The rigid body 3 has
apertures 4 having square shapes with their edges of 20 mm for passing water. The rigid body 3 is connected to the
housing 5 by bolts (not shown). The vacuum chamber was maintained at a pressure below 60 mmHg, and the com-
pression chamber was maintained at one atmospheric pressure. After every molding operation, water is showered
over the molding surface of the molding die.

The molding surface 1 and the support surface 2 of the die are composed of glass beads bonded by 4 % by volume
of epoxy resin. The die has a square shape having its edges of 200 mm. The die has a protrusion in its center having
horizontal cross sections of squares, leaving the length of a of FIG. 1 to be 50 mm.

The glass beads of the porous molding layer 1 have a diameter distribution such that at least 89 % of the beads
have their diameters in the range @.15 mm less than the average diameter thereof to @.15 mm more than the average
pore diameter thereof. The thickness of the porous molding layer 1 includes a contribution of particles of the porous
molding layer 1 incorporated between particles of the porous support layer 2.

The glass beads of the porous support layer 2 have a diameter distribution such that substantially all the beads
have their diameters in the range of 30% less than the average diameter thereof to 30% more than the average pore
diameter thereof. The thickness of the porous support layer 2 is about 25 mm.

To prepare the die, onto a master mold made of a resin having a depression in its center, which has a surface
shaped in the desired configuration, was laminated glass beads for the molding surface 1 mixed with an epoxy resin
to a certain thickness. Then glass beads for the support surface 2 mixed with the epoxy resin were laminated on the
molding surface 1 to a thickness of 25 mm, followed by providing the rigid body 3 on the support surface 2. The molding
surface 1 is bonded to the porous support layer 2 by the epoxy resin, and the porous support layer 2 is bonded to the
rigid body 3. The resulting die was removed from the master mold.

Using these dies the number of continuous molding cycles was determined until the die got clogged by the method
shown in Table 1.

These results are tabulated in FIGs. 16-21.

Transcription of the letters to molded articles by the present invention is satisfactory.

The molding die having a specific property of the porous molding layer and the porous support layer is not prone
to clogging, and the die gives a molded pulp article having a smooth surface without joints. Moreover, the method
according to the invention prevents a die from clogging, and the permeability of the die does not deteriorate even after
600 molding cycles so that the method enables continuous molding operations.

In contrast outside the scope of the invention the die does not have a sufficient permeability and is prone to clogging,
resulting in a limited number of molding cycles. Moreover, molded pulp articles do not have a surface as smooth as
those produced using the mold and process of the present invention.

Claims
1. A pulp molding die for molding shaped articles from fiber pulp, comprising;

a porous molding layer (1) having a porosity of at least 5 % and an average pore diameter in the range 60 to
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1000 um, said molding layer having a molding surface shaped to the desired configuration of the article to be
molded; and

a porous support layer (2) disposed adjacent said molding layer on the opposite side thereof from said molding
surface, said support layer having a porosity of at least 25 % and an average pore diameter in the range 0.6
to 1@ mm and larger than that of said molding layer;

said die having, located in at least one of said porous molding layer and said porous support layer, a pore
structure able to hold water by capillary attraction.

A pulp molding die according to claim 1 wherein said die has an air flow characteristic such that when air pressure
of 300 mm Aq is applied at said molding surface the air flow rate (Q) through the die is given by 50 < Q < 600,
where Q is ml-A-1.s"1 where A is the surface area of the molding surface in cm2.

A pulp molding die according to claim 1 or 2 wherein said support layer (2) is adapted to allow substantially uniform
flow of air through said molding layer (1) over the whole area thereof.

A pulp molding die according to claim 1,2 or 3 wherein said molding layer has a thickness in the range @.1 to 20 mm.

A pulp molding die according to claim 4 wherein a thickness of said molding layer (1) is at least @.1 mm and less
than 5 mm.

A pulp molding die according to any of claims 1 to 5 wherein at least 89 % of the pores of said molding layer (1)
have pore diameters in the range 25 % less than the average pore diameter thereof to 25 % more than said average
pore diameter thereof.

A pulp molding die according to any of claims 1 to 6 wherein said average pore diameter of said support layer (2)
is 1.5 to 1@ times that of said molding layer (1).

A pulp molding die according to any of claims 1 to 7 wherein at least one of said molding layer (1) and said support
layer (2) is composed of a plurality of water-insoluble particles bonded together.

A pulp molding die according to any of claims 1 to 8 wherein at least one of said molding layer (1) and said support
layer (2) is composed of a porous material (18, 21) formed by electroforming.

A pulp molding die according to any of claims 1 to 9 wherein at least one of said molding layer (1) and said support
layer (2) is composed of a honeycomb structure (16).

A pulp molding die according to any of claims 1 to 10 wherein at least one of said molding layer (1) and said support
layer (2) is composed of a perforated metal plate (19).

A method of molding shaped pulp articles from fiber pulp, comprising the steps of:

(1) providing a pulp molding die according to claim 1;

(2) repeatedly molding pulp articles on said molding surface of said die by suction through said die;

(3) after the molding of each pulp article, or each time after the sequential molding of a plurality of the pulp
articles, applying cleaning water to said die after removal of a pulp article therefrom to incorporate water in
said pore structure of said die and thereafter applying air pressure to said die from inside said die to drive said
incorporated water from the die, thereby to remove fibers trapped in said die.

A method according to claim 12 wherein said air pressure is applied so as to give a maximum pressure of said
molding surface of said die of at least 1.6 gf/lcm?2.

A method according to claim 12 or 13 wherein said air pressure is applied as an impulse which rises to at least
1.0 gf/cm?2 in less than @.5 s.

A method according to claim 14 wherein said air pressure is applied as an impulse by connecting said die to a
volume of pre-compressed air.

An apparatus for molding shaped pulp articles from fiber pulp, comprising:
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a pulp molding die according to claim 1, said die having an inside surface remote from said molding surface;
means (34) for adding cleaning water to said die so that cleaning water is incorporated in said pore structure
thereof; and

means (26, 27, 28) for applying air pressure to said inside surface of said die to drive water from said pore
structure thereof.

An apparatus according to claim 16 wherein said means for adding cleaning water is spraying means (34) arranged

o spray cleaning water onto said molding surface of said die.

An apparatus according to claim 16 or 17 wherein said means for applying air pressure comprises a container (28)

for compressed air, a conduit (33) connecting said container to the inside surface of said die and a valve (26) in

said conduit.

Patentanspriiche

1.

10.

Saug- bzw. Pulpform zum Formen von Formerzeugnissen aus Faserzellstoff bzw. - pulp, umfassend:

eine pordése Formungsschicht (1) mit einer Porositat von zumindest 5% und einem durchschnittlichen Poren-
durchmesser im Bereich von 60 bis 1.000 um, wobei die Formungsschicht eine Formungsflache aufweist, die
in die gewiinschte Konfiguration des zu formenden Erzeugnisses gebracht bzw. gestaltet ist; und

eine pordse Stltzschicht (2), die angrenzend an die Formungsschicht an deren der Formungsflache gegen-
Uberliegenden Seite angeordnet ist, wobei die Stlitzschicht eine Porositat von zumindest 25% und einen durch-
schnittlichen Porendurchmesser aufweist, der im Bereich von 0,6 bis 10 mm liegt und gréBer als jener der
Formungsschicht ist;

wobei die Form an der porésen Formungsschicht und bzw. oder der porésen Stltzschicht eine Porenstruktur
aufweist, die durch Kapillarwirkung Wasser halten kann.

Saugform nach Anspruch 1, worin die Form eine solche Luftstrdmungscharakteristik aufweist, daB3, wenn ein Luft-
druck von 300 mm Aq auf die Formungsflache ausgetibt bzw. angelegt wird, die Luftstrbmungsrate (Q) durch die
Form durch 50 < Q <600 gegeben ist, worin Q ml-A-1.s™1 ist, worin A die Oberflache der Formungsflache in cm? ist.

Saugform nach Anspruch 1 oder 2, worin die Schitzschicht (2) so ausgebildet ist, daB Uber ihre gesamte Flache
im wesentlichen gleichmé&Biges Strémen von Luft durch die Formungsschicht (1) zugelassen wird.

Saugform nach einem der Anspriiche 1, 2 oder 3, worin die Formungsschicht eine Dicke im Bereich von 0,1 bis
20 mm aufweist.

Saugform nach Anspruch 4, worin eine Dicke der Formungsschicht (1) zumindest 0,1 mm und weniger als 5 mm
betragt.

Saugform nach einem der Anspriiche 1 bis 5, worin zumindest 80% der Poren der Formungsschicht (1) Poren-
durchmesser im Bereich zwischen 25% unter ihrem durchschnittlichen Porendurchmesser und 25% lber ihrem

durchschnittlichen Porendurchmesser aufweisen.

Saugform nach einem der Anspriiche 1 bis 6, worin der durchschnittliche Porendurchmesser der Stltzschicht (2)
das 1,5-10fache jenes der Formungsschicht (1) ausmacht.

Saugform nach einem der Anspriiche 1 bis 7, worin zumindest eine aus der Formungsschicht (1) und der Stitz-
schicht (2) aus einer Vielzahl miteinander verbundener wasserunldslicher Teilchen besteht.

Saugform nach einem der Anspriche 1 bis 8, worin zumindest eine aus der Formungsschicht (1) und der Stitz-
schicht (2) aus einem durch Galvanoformung gebildeten porésen Material (18, 21) besteht.

Saugform nach einem der Anspriiche 1 bis 9, worin zumindest eine aus der Formungsschicht (1) und der Stitz-
schicht (2) aus einer Wabenstruktur (16) besteht.
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Saugform nach einem der Anspriiche 1 bis 10, worin zumindest eine aus der Formungsschicht (1) und der Stitz-
schicht (2) aus einer perforierten Metallplatte (19) besteht.

Verfahren zum Formen von Zellstoff- bzw. Pulp-Formerzeugnissen aus Faserzellstoff bzw. -pulp, folgende Schritte
umfassend:

(1) das Bereitstellen einer Saug- bzw. Pulpform nach Anspruch 1;

(2) das wiederholte Formen von Zellstoff- bzw.Pulperzeugnissen an der Formungsflache der Form durch An-
saugen durch die Form;

(3) nach dem Formen eines jeden Zellstoff- bzw. Pulperzeugnisses oder jedesmal nach dem aufeinanderfol-
genden Formen einer Vielzahl der Zellstoff- bzw. Pulperzeugnisse, das Aufbringen von Reinigungswasser auf
die Form nach dem Entfernen eines Zellstoff- bzw. Pulperzeugnisses davon, um Wasser in die Porenstruktur
der Form aufzunehmen, und daraufhin das Ausiiben bzw. Anlegen von Luftdruck auf die Form von innerhalb
der Form, um das aufgenommene Wasser aus der Form auszutreiben, um dadurch in der Form verfangene
Fasern zu entfernen.

Verfahren nach Anspruch 12, worin der Luftdruck so ausgeuibt wird, daf3 ein Maximaldruck an der Formungsflache
der Form von zumindest 1,0 p/cm? entsteht.

Verfahren nach Anspruch 12 oder 13, worin der Luftdruck als ein Impuls ausgeiibt wird, der in weniger als 0,5 s
auf zumindest 1,0 p/cm? ansteigt.

Verfahren nach Anspruch 14, worin der Luftdruck als ein Impuls ausgelibt wird, indem die Form mit einem Volumen
vorkomprimierter Luft verbunden wird.

Vorrichtung zum Formen von Zellstoff- bzw. Pulp-Formerzeugnissen aus Faserzellstoff bzw. -pulp, umfassend:

eine Saug- bzw. Pulpform nach Anspruch 1, wobei die Form eine von der Formungsflache entfernte Innenfla-
che aufweist;

Mittel (834) zum Zuflhren von Reinigungswasser zur Form, sodaf3 Reinigungwasser in deren Porenstruktur
aufgenommen wird; und

Mittel (26, 27, 28) zum Auslben bzw. Anlegen von Luftdruck auf die Innenflache der Form, um Wasser aus
ihrer Porenstruktur auszutreiben.

Vorrichtung nach Anspruch 16, worin das Mittel zum Zufihren von Reinigungswasser ein Spritzmittel (34) ist, das
so angeordnet ist, daB es Reinigungswaser auf die Formungsflache der Form spritzt.

Vorrichtung nach Anspruch 16 oder 17, worin das Mittel zum Ausiiben von Luftdruck einen Behalter (28) fur Druck-
luft, eine Leitung (33), die den Behalter mit der Innenflache der Form verbindet, und ein Ventil (26) in der Leitung
umfaft.

Revendications

1.

Matrice de moulage de pulpe pour mouler des articles mis en forme & partir de pulpe de fibres, comprenant :

une couche de moulage poreuse (1) ayant une porosité d'au moins 5 % et un diamétre de pores moyen dans
I'intervalle de 60 & 1000 um, ladite couche de moulage ayant une surface de moulage mise en forme a la
configuration désirée de l'article 2 mouler ; et

une couche de support poreuse (2) disposée adjacente a ladite couche de moulage sur son cété opposé a
ladite surface de moulage, ladite couche de support ayant une porosité d'au moins 25 % et un diamétre de
pores moyen dans l'intervalle de 0,6 & 10 mm et supérieur a celui de ladite couche de moulage ;

ladite matrice ayant, située dans au moins I'une de ladite couche de moulage poreuse et de ladite couche de
support poreuse, une structure de pores capable de retenir I'eau par attraction capillaire.
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Matrice de moulage de pulpe selon la revendication 1 dans laquelle ladite matrice a une caractéristique d'écou-
lement d'air telle que lorsqu'une pression d'air de 300 mm Aq est appliquée sur ladite surface de moulage la vitesse
d'écoulement d'air (Q) & travers la matrice est donnée par 50 < Q < 600, ot Q est en ml.A"1.s"1 ou A est la surface
de la matrice de moulage en cm2.

Matrice de moulage de pulpe selon la revendication 1 ou 2 dans laquelle ladite couche de support (2) est adaptée
pour permettre un écoulement substantiellement uniforme d'air & travers ladite couche de moulage (1) sur la sur-
face entiére de celle-ci.

Matrice de moulage de pulpe selon la revendication 1, 2 ou 3 ou ladite couche de moulage a une épaisseur dans
l'intervalle de 0,1 mm a 20 mm.

Matrice de moulage de pulpe selon la revendication 4 ou I'épaisseur de ladite couche de moulage (1) est d'au
moins 0,1 mm et inférieure a 5 mm.

Matrice de moulage de pulpe selon I'une quelconque des revendications 1 & 5 dans laguelle au moins 80 % des
pores de ladite couche de moulage (1) ont des diamétres de pores dans l'intervalle de 25 % inférieurs a son
diamétre de pores moyen a 25 % supérieur a son dit diamétre de pores moyen.

Matrice de moulage de pulpe selon I'une quelconque des revendications 1 & 6 dans laquelle ledit diamétre de pore
moyen de ladite couche de support (2) est de 1,5 a 10 fois celui de ladite couche de moulage (1).

Matrice de moulage de pulpe selon l'une quelconque des revendications 1 & 7 dans laquelle au moins l'une de
ladite couche de moulage (1) et de ladite couche de support (2) est composée d'une pluralité de particules inso-
lubles dans I'eau liées ensemble.

Matrice de moulage de pulpe selon l'une quelconque des revendications 1 & 8 dans laquelle au moins l'une de
ladite couche de moulage (1) et de ladite couche de support (2) est composée d'un matériau poreux (18, 21) formé
par électroformage.

Matrice de moulage de pulpe selon l'une quelconque des revendications 1 & 9 dans laquelle au moins l'une de
ladite couche de moulage (1) et de ladite couche de support (2) est composée d'une structure en nid d'abeilles (16).

Matrice de moulage de pulpe selon l'une quelconque des revendications 1 & 10 dans laquelle au moins |'une de
ladite couche de moulage (1) et de ladite couche de support (2) est composée d'une plague métallique perforée
(19).

Méthode de moulage d'articles de pulpe mis en forme a partir de pulpe de fibres, comprenant les étapes de:

(1) fourniture d'une matrice de moulage de pulpe selon la revendication 1 ;

(2) moulage répété des articles de pulpe sur ladite surface de moulage de ladite matrice par succion & travers
ladite matrice ;

(3) aprés le moulage de chaque article de pulpe, ou chaque fois aprés le moulage séquentiel d'une pluralité
des articles de pulpe, application d'eau de nettoyage a ladite matrice aprés enlévement de l'article de pulpe
de celle-ci pour incorporer I'eau dans ladite structure de pore de ladite matrice et aprés cela application d'une
pression d'air a ladite matrice a partir de l'intérieur de ladite matrice, pour ainsi éliminer les fibres piégées
dans ladite matrice.

Méthode selon la revendication 12 dans laquelle ladite pression d'air est appliquée de fagon & donner une pression
maximale de ladite surface de moulage de ladite matrice d'au moins 1,0 gf/cm?2.

Méthode selon la revendication 12 ou 13 dans laquelle ladite pression d'air est appliquée sous la forme d'une
impulsion qui augmente & au moins 1,0 gf/cm2 en moins de 0,5 s.

Méthode selon la revendication 14 dans laquelle ladite pression d'air est appliquée sous la forme d'une impulsion
en connectant ladite matrice a un volume d'air précomprimé.

Appareil pour mouler des articles de pulpe mis en forme a partir de pulpe de fibres, comprenant :
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une matrice de moulage de pulpe selon la revendication 1, ladite matrice ayant une surface interne proche
de ladite surface de moulage ;

des moyens (34) pour ajouter de l'eau de nettoyage & ladite matrice de sorte que I'eau de nettoyage est
incorporée dans ladite structure de pores de celle-ci ; et

des moyens (26, 27, 28) pour appliquer une pression d'air & ladite surface interne de ladite matrice pour
entrainer 'eau de ladite structure de pores de celle-ci.

17. Appareil selon la revendication 16 dans lequel lesdits moyens pour ajouter de I'eau de nettoyage sont des moyens
de vaporisation (34) arrangés pour vaporiser |'eau de nettoyage sur ladite surface de moulage de ladite matrice.

18. Appareil selon la revendication 16 ou 17 dans lequel lesdits moyens pour appliquer une pression d'air comprennent

un récipient (28) pour de l'air comprimé, un conduit (33) connectant ledit récipient & la surface interne de ladite
matrice et une vanne (26) dans ledit conduit.
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